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VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether 
claims are fully supported by the description, are made 
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V.2. 

1 Reference is made to the following documents: 
D1: EP-A-0 529 817 

D2: CHANAKETAL: 'ANTIGUIDING INDEX PROFILES IN BROAD STRIPE 
SEMICONDUCTOR LASERS FOR HIGH-POWER. SINGLE-MODE 
OPERATION' IEEE JOURNAL OF QUANTUM ELECTRONICS, vol. 24. no. 
3. 1 March 1988 (1988-03-01). pages 489-495 



2. Claims 1 and 31 : 

The document D1 (see figures 3A.3B.3C. abstract and columns 5 to 6. in 
particular column 6. lines 27-30) discloses a semiconductor device and a method 
for spatially varying the current density in an active region of a junction defined by 
a semiconductor medium of a semiconductor device, comprising, as far as claims 
1 and 31 can be understood (see section VIII). the corresponding features of 
claims 1 and 31 . 

It should be noted that the "outline area" is defined by the distal sides of the 
contact dots and the contact stripes located at the edges of the mask patterns of 
fig. 3B and 3C. 

Dokument D2 (see figure 4 and page 492) also appears to anticipate tn t 
matter of claims 1 and 31. 

3. C^ims 2-1 4.16.17.21-30. 32-44.46.47 .51-60: 

D1 (see figures 3A.3B.3C. abstract and columns 4 to 6' discloses 

, ,„t^ r Hnyi^ rnmnncmri tha r r>r rOQ nnn fj I n Q features Of Claims 2- 

14.16.17.21-30. and a method for spatially varying the current density in an active 
region of a junction defined by a semiconductor medium of a semiconductor 
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device comprising the corresponding features of claims 32-44.46.47.51-60. 



4. Claims 1 5.45 : 

The closest prior art to the semiconductor device of claim 15 is defined in D1. 

The problem to be solved is to obtain a new type of a semiconductor device 
having predetermined grating effects in its active region. 

The problem is solved by a semiconductor device with the combination of the 
features of claim 1 5. 

IEEE Photonics Technology Letters, vol. 9. no. 11. Nov. 1997. pages 1460-1462 
(ISR:Y doc. for claims 15.45) discloses a semiconductor device wherein the shape 
and the area of the non-contact areas is such as to produce predetermined 
qrating effects in its active region, i.e. it includes the additional features of claim 
15. However, the ratio of the actual contact area to the noncontact area is 
constant within the outline area defined by the distal edges of the top contact, 
while in the devices defined in D1 (ISR:Y doc. for claims 15,45) the ratio of the 
actual contact area to the noncontact area is variable within the outline area. 

Thus, the skilled person would not attempt to apply the features causing 
predetermined grating effects in the active region of the device defined ' 
above document, to the devices defined in D1. Subsequently, the subject-m n 
of claim 15 is not obvious from the prior art. 

Similar comments apply to the subject-matter of claim 45. 



Ci^ms_1S 1 2C I 4S.-__5C: 

documents cited in the ISR and they are also not obvious from the prior art. 
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VIII. 



1 . Claims 1 and 31 are not clear, because the expression "the ratio of the actual 
contact area to the non-contact area varies within the outline area" is not clear. 

It appears that this expression should have been clarified to read "the ratio of the 
actual contact area to the non-contact area per unit outline area varies within the 
outline area". 
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. i 57 i Abstract 

A semi ■coiKluetor laser devie * ; i » eonipr:s 
a p Apt" Ijvci . : arivi ar. ii-t>pe layer i4i 

i defining a junction I s ) with an active light 

\ gerieratitiL! region OOj. A rirst eieorieai con 
tact io> in coniunetion with a second electrical 

, contau i~> defines the active region O0i. Hie 
tir>t eiectrical CvMit;ict (6> det:nes an outline are ; 

; 0 2 Am de:enninmi: the area of th.e active regio:: 
■ 10-. iiui comprise-, a iiLiir contaO < 15) with i 
piuralitv ot" finger contacts i 1 ro elcctncaiK con- 
nected thereto and tomiing actual contact areas 
I'he ma:n eont\ct V v .ind rhe f:nger con- 
tacts . |t\i define t'.on-contact areas (2\) within 

: t!:e outline area i!2c The linger contacts Ooi 
tapei outwardly from tiieir proximal ei^.ds i \ l ) ■ to 
Vneir" o!:st.d ends pi for progressive!) redi;cing 
the ratio of the acnial contact area (17) to the 
non-contact area i 2 1 : !"or u 1 . turn prv»giesM\ eiy re 

' dac:ng the transver-e curre::! etecs-tv prottle 2o i 
i". t'ae active re g ton i AO that t'ne ca treat deiiMtv 
protile s'abstara:a!!\ tiack> the light lnteiiMtv 
proti'.e '2^ troasv ei ''.eK acros-; the active rec.on 
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"A semi-conductor device and a method for varying current 
density in an active region of a junction of the semi-conductor device 

The present invention relates to a semi-conductor device, and in particular, though 
- not limited to an optical semi-conauctor device, for example a semi-conductor laser 
device in which the current density in an active region of a junction is varied spatially 
in the active region The invention also relates to a method for varying the current 
density spatially in the active region of the junction of the semi-conductor device 

m Semi-conductor lasers, in particular, diffraction-limited high-brightness laser devices 
are suitable for a wide range of applications, for example, free space 
communication, and pumping of fibre lasers and amplifiers Wide stripe semi- 
conductor lasers with relatively broad current stripes, for example, current stripes of 
the order of 100 micrometres or more tend to be transversely unstable, and suffer 

15 from filamentation and transverse mode beating Insertion of mode filters, for 

example, cavity spoilers or saturable absorbers or other mode selective gain or loss 
means into such devices tend to enhance the modal performance by discriminating 
against higher order modes. 

20 In relatively large area devices, both lasers and amplifiers, the current density, whicn 
through material interactions generates the earner density tends to increase along 
the edges of the gain region This in general, is a feature of both flared and non- 
flared (broad area) devices. It is believed that the reason for the increase in current 
density along the edges of the active region is due to the shape of the transverse 

25 mode profile which results in relatively small field intensities at the longitudinal edges 
of the active region. The relatively small field intensity at the longitudinal edges of 
the active region is unable to saturate the gain, which in turn grows to relatively large 
values. These relatively large values of current density along the edges of the gam 
regions decrease the stability of the device, ana thereby, the quality of the far-field 

It .s des.rabie in many cases m semi-conauctor electronic ana optical devices to 
control the spatial distribution of electric current density conducted through such 
devices It is known that current distribution though such devices can be controlled 
by locating multiple contacts on the device with diffe r ent voltages applied to various 
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of the contacts However this requires the generation of many voltage levels for 
applying to the respective contacts, and also the provision of many connections to 
the various contacts. This is unsatisfactory in integrated circuit technology It is also 
known that current distribution may be varied by localised ion implantation into the 
- semi-conductor material for altering the conductive properties of the material 
However this can lead to other problems and disadvantages with the semi- 
conductor device. 

There is therefore a need for an electronic or oDtical semi-conductor device which 
10 allows the current density distribution to be controlled without the disadvantages and 
problems of prior art techniques Indeed, there is a need for a semi-conductor 
device in which the current density profile of an active region of a junction in the 
semi-conductor material of the device can be controlled. There is also a need for a 
method for varying the spatial distribution current density in an active region of a 
1 5 junction of a semi-conductor device 

The present invention is directed towards providing such an electronic and/or optical 
semi-conductor device, and a method for varying the spatial distribution current 
density in an active region of a junction of a semi-conductor device 

20 

According to the invention there is provided a semi-conductor device comprising a 
semi-conductor medium which defines a junction, a first electrical contact and a 
second electrical contact, the respective electrical contacts being located spaced- 
apart from each other on the semi-conductor medium and in electrical contact with 
25 the semi-conductor medium for pumping current through the junction for forming an 
active region in the junction, wherein at least one of the first and second electrical 
contacts defines an outline area on the semi-conductor medium for determining the 
shape and area of the active region, and the at least one of the first and second 
electrical contacts forms an actual contact area or areas in which that one of the first 
and second electrical contacts is in actual electrical contact with the semi-conductor 
medium, and defines ncn-ccntact areas within tne outline area m wnicn no eiectrtcai 
contact takes place between that one of the first and second contacts and the semi- 
conductor medium, and the ratio of the actual contact area to the non-contact area 
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vanes within the outline area for varying the current density spatially in the active 
region 

In one embodiment of the invention the ratio of the actual contact area to the non- 
5 contact area of the or each of the first and second electrical contacts is varied as a 
function of the desired variation in the current density tn the active region. 

In another embodiment of the invention the ratio of the actual contact area to the 
non-contact area of the or each of the first and second electrical contacts is varied in 
n> proportion to the desired variation in current density in the active region 

In a further embodiment of the invention the ratio of the actual contact area to the 
non-contact area of the or each of the first and second electrical contacts is varied in 
a direction in which the current density is to be varied in tne active region. 



Preferably, the ratio of the actual contact area to the non-contact area of the or each 
of the first and second electrical contacts is progressively varied for progressively 
varying the current density in the active region. 

In one embodiment of the invention the ratio of the actual contact area to the non- 
contact area of the or each of the first and second electrical contacts is varied in a 
transverse direction across the active region relative to the longitudinal direction of 
the active region for varying the current density transversely across the active 



Advantageously : the ratio of the actual contact area to the non-contact area of the or 
each of the first and second electrical contacts is progressively reduced towards 
opposite side edges of the active region which extend in a generally longitudinal 
direction relative to the active region for progressively reducing the current density in 
the active region towards the respective side edges 

in another embodiment of the invention the ratio of the actual contact area to the 
non-contact area of the or each of tne first and second electrical contacts is 
progressively reduced towards opposite side edges of the active region which 
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region 
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diverge away from each other in a generally longitudinal direction relative to the 
active region for progressively reducing the current density in the active region 
towards the respective diverging side edges. 

? In a further embodiment of the invention the ratio of the actual contact area to the 
non-contact area of the or each of the first and second electrical contacts is varied in 
a direction longitudinally relative to the longitudinal direction of the active region 

tn another embodiment of the invention the ratio of the actual contact area of the o r 
\(' each of the first and second electrical contacts is varied in directions both 
transversely and longitudinally relative to the active region 

In one embodiment of the invention the ratio of the actual contact area to the non- 
contact area of the or each of the first and second electrical contacts is arranged in a 
\5 direction generally transversely of the direction in which the ratio of the actual 

contact area to the non-contact area is varying for maintaining the current density in 
the active region substantially constant along lines of constant current density which 
extend in a direction generally transversely of the direction in which the ratio of the 
actual contact area to the non-contact area is being varied. 



Preferably, the shape and area of the non-contact areas is such that the current 
density in areas of the active region which correspond to the non-contact areas is 
greater than zero. 

25 In one embodiment of the invention the shape and area of the non-contact areas is 
such as to avoid induced grating effects in the profile of the current density in the 
active region 

in another embodiment of the invention the shape and area of the non-contact areas 
;m> is such as to avoid induced grating effects in the profile of the current density in the 
active r eg'cn ^ t H e drect;c~ trans.'erse^ cf the Direction in wnicn tne current density 
is being varied. 
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Alternatively, the shape and the area of the non-contact areas is such as to induce 
predetermined grating effects in the active region. 

In one embodiment of the invention the or each of the first and second electrical 
5 contacts comprises a mam electrical contact and a plurality of spaced-apart 
secondary electrical contacts adapted to be electrically connected to the main 
contact the main electrical contact and the secondary contacts together forming the 
actual contact area and defining the non-contact areas therebetween and 
preferably, the secondary electrical contacts are electrically connected to the main 
10 contact. 

in one embodiment of the invention the secondary contacts are provided by a 
plurality of elongated spaced-apart substantially parallel finger contacts extending 
from the mam contact. Preferably, the ftnger contacts forming the secondary 
contacts taper from their respective proximal ends to their distal ends. 

Advantageously, the main contact extends substantially longitudinally relative to the 
active region, and the secondary contacts extend transversely from the mam contact 
in a direction generally transversely of the active region. 



tn an alternative embodiment of the invention the or each of the first and second 
electrical contacts comprises a single contact which forms the actual contact area, 
the single contact having a plurality of openings therethrough which form the non- 
contact areas. 



In one embodiment of the invention the junction defined by the semi-conductor 



medium is a p-n junction 



Preferably, the first and second electrical contacts are located on respective 
M) opposite surfaces of the semi-conductor device for pumping the current through the 

^c fi ve ^eg-c- of the junction 
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in one embodiment of the invention the semi-conductor device is an optical semi- 
conductor device, the longitudinal direction of the active region being defined by the 
direction of light propagation in the active region. 

? In another embodiment of the invention the ratio of the actual contact area to the 
non-contact area of the or each of the first and second electrical contacts is varied 
for inducing a current density profile in the active region which substantially 
coincides with the desired light intensity profile in the active region. 

lo In a further embodiment of the invention the ratio of the actual contact area to the 
non-contact area of the or each of the first and second electrical contacts is varied 
transversely across the direction of light propagation in the active region for inducing 
a current density in the active region, the transverse profile of which substantially 
coincides with the desired transverse profile of light intensity at the corresponding 

l s location of the active region. 

In one embodiment of the invention the first electrical contact defines the outline 
area. 

2o In another embodiment of the invention the first electrical contact defines the actual 
contact area 

In a further embodiment of the invention the second electrical contact defines the 
outline area 

In a still further embodiment of the invention the second electrical contact defines the 
actual contact area 

Additionally, the invention provides a method for spatially varying the current density 
in in an active region of a junction defined by a semi-conductor medium of a semi- 
conductor device, the method compnsmg placing a first eiectricai contact ana a 
second electrical contact at spaced apart locations from each other on the the semi- 
conductor medium, and in etectrica! contact with the semi-conductor medium for 
pumping current through the junction for forming the active region, wherein at leas: 
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one of the first ana second electrical contacts defines an outline area on the semi- 
conductor medium for determining the shape and area of the active region and the 
at ieast one of the first and second electrical contacts forms an actual contact area 
or areas in which that one of the first and second electrical contacts is in actual 
- electrical contact with the semi-conductor medium, and defines non-contact areas 
within the outline area in which no electrical contact takes place between that one of 
the first and second contacts and the semi-conductor medium, and the ratio of the 
actual contact area to the non-contact area varies within the outline area for varying 
the current density spatially in the active region 

10 

The invention will be more dearly understood from the following description of some 
preferred embodiments thereof which are given by way of example only with 
reference to the accompanying drawings, in which 

is Fig. 1 is a perspective view of an optica! semi-conductor laser device 

according to the invention, 

Fig. 2 is a graphical representation of a transverse profiles of current density 
and light intensity level in the active region of the optical semi-conductor 
2o device of Fig. 1, 

Fig. 3 is a plan view of a portion of the device of Fig. 1 , 

Fig. 4 is an enlarged plan view of a part of the portion of Fig. 3, 

25 

Fig. 5 is a plan view of a portion of an optical semi-conductor laser device 
according to another embodiment of the invention, 

Fig 6 is a graphical representation of a transverse profile of current density ,n 
the active region of the device of Fig 5 



Fig 7 is a plan view of a portion of an optical semi-conductor laser device 
according to another embodiment of the invention 
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Fig. 8 is a graphical representation of a transverse profile of current density in 
tne active region of the device of Fig 7. 

Fig 9 is a plan view of a portion of an optical semi-conductor laser device 
5 according to a further embodiment of the invention 

Fig 10 is a graphical representation of a transverse profile of current density 
in the active region of the device of Fig. 9, 

in Fig. 11 is a plan view of a semi-conductor laser device according to another 

embodiment of the invention, ana 

Fig 12 is a graphical representation of transverse profiles of current density 
in the active region of the device of Fig. 1 1 . 

15 

Referring to the drawings and initially to Figs. 1 to 4 there is illustrated an optical 
semi-conductor device, in this embodiment of the invention a broad area laser 
device indicated generally by the reference numeral 1 . The laser device 1 
comprises a semi-conductor medium 2 formed by a p-type layer 3 and an n-type 

:o layer 4 which defines a p-n junction 5 A pair of electrical contacts, namely, a first 
electrical contact 6 and a second electrical contact 7 are located at opposite 
surfaces of the medium 2, namely, the first contact 6 is located on an upper surface 
8 of the p-type layer 3, while the second contact 7 is located on a lower surface 9 of 
the n-type layer 4 The first and second contacts 6 and 7 are in electrical contact 

25 with the respective layers 3 and 4 through the surfaces 8 and 9. respectively, for 

pumping current through the p-n junction 5 for developing an active region 10 at the 
p-n junction 5 in which light is propagated in a direction parallel to a central 
longitudinal axis 11 of the active region 10. The second contact 7 extends over and 
is in electrical contact with the entire lower surface 9 of the medium 2 

The first contact 5 defines an outline area on the upper surrace 6 wnicn is maicaiea 
by the area bounded by the broken lines 12. which in turn, determines the shape and 
the area in plan view of the active region 10 in the p-n junction 5. and corresponds to 
the area of tne active region 10 The first contact 6 is also snaped for varying the 
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spatial current density in the active region 10. In this embodiment of the invention the 
first contact 6 is shaped for varying the current density profile transversely across the 
active region 1 0 in the direction of the arrows A and B for avoiding regions of 
unsaturated gam adjacent respective opposite longitudinal edge regions adjacent 
5 longitudinal side edges 1 3 and 14 of the active region 10 In other words, the current 
density is varied in the active region 10 in a direction transversely of the direction of 
light propagation tn the active region 10 and transversely of the central longitudinal 
axis 1 1 

in In this embodiment of the invention, the first contact 6 comprises a mam contact 15 
which extends longitudinally along and parallel to central longitudinal axis 11 of the 
active region 10 in the direction of light propagation. A plurality of spaced apart 
secondary contacts formed by finger contacts 16 extend transversely from and are 
electrically connected to the main contact 15. The main contact 15 and the finger 
15 contacts 16 are in actual electrical contact with the surface 8 of the p-type layer 3, 
and thus form an actual contact area 17 on the upper surface 8 through which 
current is pumped through the upper surface 8 into the p-type layer 3. As can be 
seen the actual contact area 17 is entirely within the outline area 12 which is defined 
by distal ends 18 of the finger contacts 16. The main contact 15 and the secondary 
20 contacts 16 define non-contact areas 21 which lie within the outline area 12, and 
within which no electrical contact takes place between the first contact 6 and the 
upper surface 8. The finger contacts 16 taper outwardly from their respective 
proximal ends 19 to their respective distal ends 18, thereby progressively reducing 
the ratio of the actual contact area 17 formed by the finger contacts 16 to the non- 
25 contact area 21 defined by the finger contacts 16 in the directions of the arrows A 
and B towards the distal ends 18 of the finger contacts 16 for progressively reducing 
the current density in the active region 10 towards the side edges 13 and 14. 

The shape and the area of the non-contact areas 21 is such as to avoid grating 
effects in the longitudinal direction parallel to the longitudinal axis 1 1 in the active 
region 10 in particular tne spacing between adjacent side edges 20 of adjacent 
finger contacts 16 in a direction parallel to the longitudinal axis 1 1 is chosen to take 
account of the lateral diffusion characteristics o' the p-type layer 3 and the distance 
from the active region 10 to the uope r surface S for maintaining the current density r 
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the active region 10 constant along lines 22 of constant current density extending 
parallel to the longitudinal axis 1 1 thus avoiding any grating effects 

The laser device 1 may be formed by any suitable forming process, for example, an 
integrated circuit forming process or otherwise Typically, in an integrated circuit 
forming process, the first electrical contact 6 will be deposited by a metal deposition 
and lithography stage in the forming process Typically, the main contact 15 and the 
finger contacts 16 of the first contact 6 will be simultaneously formed in a metal 
deposition process. 



Referring to Fig. 2 a plot of the current density profile transversely across the active 
region 10 from the side edge 13 to the side edge 14 is illustrated by the full line 
curve 25 The transverse profile of the light intensity of the laser light generated in 
the active region 10 across the active region 10 from the side edge 13 to the side 
edge 14 is illustrated by the broken line curve 26 in Fig. 2, and substantially 
coincides with the current density profile curve 25. Because the current density 
profile curve 26 substantially coincides with the iight intensity profile curve 25 across 
the active region 10, unsaturated gain near the side edges 13 and 14 of the active 
region 10 is virtually entirely avoided. This is achieved by virtue of the fact that the 
ratio of the actual contact area 17 to the non-contact area 21 is progressively 
reduced in the direction in which the current density in the active region 10 is to be 
progressively reduced, and furthermore, is reduced in approximate proportion to the 
desired reduction in the current density. 

The current density through the p-type layer 3, and in turn, through the active region 
10 is reduced in the direction of the arrows A and B from positions substantially 
corresponding to the proximal ends 19 to the distal ends 18 of the finger contacts 16 
The current density in the p-type layer 3 adjacent the upper surface 8 is not 
constant, however the current travelling from the finger contacts 16 through the p- 
type layer 3 diffuses laterally before reaching the active region 10 The amount of 
lateral diffusion depends on the tnickness or tne p-type layer 3 oetween tne active 
region 10 and the first contact 6 the lateral diffusion characteristics of the p-type 
layer 3 which is a function of the doping concentration r the p-type layer 3 and the 
external bias between the first and secona contacts 6 anc "* Therefore, by 
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appropriately reducing the ratio of the actual contact area 17 to the non-contact area 
21 . and by matching the shape and the area of the non-contact area 21 with these 
characteristics of the p-type layer 3 the desired transverse current density profile in 
the active region 10 can be achieved wfthout any grating effects for eliminating 
5 saturated gain in the regions along the side edges 13 and 14. Additionally, by 

choosing the shape and the area of the non-contact areas 21 , and in particular the 
spacing between adjacent edges 20 of adjacent finger contacts 16 with the 
characteristics of the p-type layer 3, namely, the thickness of the p-type layer 3 the 
lateral diffusion characteristics, and the external bias between the first and second 

m contact 6 and 7, the current density in the active region 10 can be maintained 

constant along the lines 22 of constant current density which in this embodiment of 
the invention extend parallel to the central longitudinal axis 1 1 thereby avoiding 
induced grating effects in the active region 10. Such induced grating effects would 
scatter light out of the active region 10, and this : as discussed is achieved by 

15 controlling the spacing between the adjacent edges 20 of the adjacent finger 
contacts 16 so that the current pumped from adjacent finger contacts 16 will 
combine in the active region 10 due to lateral diffusion. 

However, such grating effect in the longitudinal direction of light propagation may be 
20 desirable in certain implementations of the semi-conductor device 1 , and in which 

case this would be achieved by also varying the ratio of the actual contact area 17 to 
the non-contact area 21 within the outline area 12 of the first contact 6 in the 
direction of light propagation. 

25 In use, a voltage is applied across the first and second contacts 6 and 7, thereby 
pumping a current through the p-n junction 5 for forming the active region 10. The 
transverse profile of current density and the light intensity across the active region 10 
is as illustrated in Fig. 2. 

10 The advantages of the invention are many. A particularly important advantage of the 
invent; en ;s ach.e.-eJ by »;rt^e of me fact mat me transverse current aensity profile 
across the active region 10 is controlled by the ratio of the actual contact area 17 to 
the non-contact area 21 of the first contact 6 T hus, the current density across the 
act;ve region 10 can oe controheo without the need for space dependent aoping c* 
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the semi-conductor medium 2, and without the need for any other external or interna! 
means for controlling current density. By controlling the current density across the 
active region 10 unsaturated gam near the longitudinal side edges of the active 
region is avoided. A particularly important advantage of the invention is that since 
the current density is controlled by altering the ratio of the contact area formed by 
the first contact 6 to the non-contact area defined by the first contact 6 the upper 
contact 6 can be maintained throughout at the same voltage in other words, one 
single electrical connection to the first contact 6 is all that is required since the main 
contact 15 and the finger contacts 16 are electrically connected to each other 



Referring now to Figs 5 and 6 there is illustrated a first contact 30 for applying to an 
upper surface of a semi-conductor laser device (not shown) according to another 
embodiment of the invention The first contact 30 is substantially similar to the first 
contact 6 of the laser device 1 , and similar components are identified by the same 
15 reference numerals. The main difference between the first contact 30 and the first 
contact 6 is that the finger contacts 16 do not taper from their proximal ends 19 to 
their distal ends 18. This simplifies the lithographic requirements in the forming 



2<» Fig 6 illustrates the transverse profile of the current density which is developed 
across the active region of the p-n junction of the semi-conductor medium of this 
laser device between the opposite longitudinal side edges which correspond to the 
opposite side edges 13 and 14 of the active region 10 of the laser device 1 . 

25 Fig. 7 illustrates a first contact 40 of a semi-conductor laser device (not shown) 

according to another embodiment of the invention, the first contact 40 is substantially 
similar to the first contact 6 of the laser device 1 , and similar components are 
identified by the same reference numerals. The finger contacts 16 in this 
embodiment of the invention taper to points at their distal ends 18, and the rate of 

M> tapering from the proximal ends 19 to the distal ends 18 of the finger contacts 16 is 
significantly greater than that o' the f:nger contacts i6 the first contaci 6 of the 
laser device 1 



process. 
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Fig. 8 illustrates the transverse current density profile developed by the first contact 
40 across an active region of this laser diode The width of the upper flat region of 
the current density profile corresponds to the width of the main contact 15. and may 
correspondingly be varied 

■> 

Fig 9 illustrates a first contact 50 for a semi-conductor laser device (not shown) 
according to a still further embodiment of the invention. In this embodiment of the 
invention the first contact 50 comprises a longitudinally extending central region 51 
and a pair of side regions 52 A plurality of through openings, namely, holes 53 of 

i<> similar diameter extend through the side regions 52 and form non-contact areas 21, 
while the central region 51 and the side regions 52 with the exception of the holes 53 
form actual contact areas 17. The ratio of the actual contact area 17 to the non- 
contact areas 21 is progressively reduced towards respective longitudinally 
extending side edges 54 of the first contact 50 by progressively increasing the 

15 number of holes 53 per unit area in the direction of the arrows A and B towards the 
side edges 54. 

Fig 10 illustrates the transverse current density profile developed across an active 
region between opposite edges thereof which correspond to the edges 54 of the first 
H) contact 50. 

Fig. 1 1 illustrates a plan view of a semi-conductor device, in this embodiment of the 
invention a flared laser device 60. The laser device 60 is substantially similar to the 
laser device 1 and similar components are identified by the same reference 

25 numerals The laser device 60 comprises a semi-conductor medium 2 having an 
upper p-layer 3 and a lower n-type layer (not shown) which together define a p-n 
junction, similar to the p-n junction 5. A second contact (not shown) extends over a 
lower surface (also not shown) of the n-type layer similar to that of the laser device 
1 The first contact 6 in this embodiment of the invention defines a flared outline 

?o area 12 which defines a correspondingly shaped flared active region (not shownl in 
t u e p-n junction. The first contact 6 comprises a central main contact 15, ana a 
plurality of secondary finger contacts 16 extending from the main contact 15 The 
finger contact 16 taper from their proximal ends 19 to their distal ends 18 which 
define side edges 61 of the flared outline a r ea 12 The flared side edges 61 diverge 
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from each other in a direction parallel to the longitudinal axis 1 1 The non-contact 
areas 21 are defined between the mam contact 15 and the finger contacts 16 within 
the outline area 12. in this embodiment of the invention because the outline area 12 
is flared the lines of constant current density 22 do not extend parallel to the central 
5 axis 1 1 but tend to approximately follow the contour of the side edges 61 

Fig 12 illustrates transverse profiles of the current density across the active region 
of the laser device 60 at sections C. D. E and F along the longitudinal axis 1 1 

m It is envisaged that in the case of the first contact 50 illustrated in Fig. 9 the ratio of 
the actual contact area to the non-contact area may be varied by varying the size of 
the holes, instead of or as well as varying the number of holes per unit area. 

It is also envisaged that the first contact may be provided as a plurality of discrete 
15 contacts which would be electrically connected together. The ratio of the actual 

contact area to the non-contact area would then be varied by appropriately varying 
the number of discrete contacts per unit area and/or by varying the area of the 
discrete contacts. A central area of the first contact may be formed by a single 
contact or by a plurality of discrete contacts, and when the central area is provided 
20 by a number of discrete contacts, assuming peak current density is to be formed in 
the active region corresponding to the centra! area of the first contact, the discrete 
contacts would be located relatively closely together, in other words, a high number 
of discrete contacts per unit area would be provided, and/or the area of the discrete 
contacts would be greater than those towards the longitudinal side edges of the first 
25 contact. 

While the first contacts have been described as being shaped for developing a 
current density profile across the active region of a semi-conductor iaser device 
which increases progressively from the respective opposite side edges to a central 
^> peak value it will be appreciated that the first contacts may be shaped to develop 

any cthe' deseed current dens.ty profiles. 

While the semi-conductor device has been described in all the embodiments of the 
invention as being a laser device the semiconductor device could be any other type 
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of device, for example, a diode, a transistor, a field effect transistor or the like in 
which it is desired to develop a varying current density profile in the active region of 
the junction, be it a p-n junction or otherwise Furthermore, the laser device could be 
a laser amplifier 

Wnile in the embodiments of the invention described the upper first contact has been 
described as being shaped to develop the varying current density, it will be readily 
apparent to those skilled in the art that the lower second contact could be shaped or 
profiled to develop the desired current density profile Indeed, in certain cases, it 
Id may be desirable to shape both the first and second contacts to form the desired 
current density profile 

The semi-conductor medium instead of being a two layer medium may be a multi- 
layer medium, and may have a number of p-type layers and n-type layers. 

15 

It will also be appreciated that while the laser devices have been described with the 
first contacts shaped to avoid induced grating effects, the first and/or second 
contacts may be shaped to induce predetermined grating effects where such grating 
effects are desired. 
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C laim s 

1 A semi-conductor device (1 ) comprising a semi-conductor medium (2) which 
defines a junction (5). a first electrical contact (6) and a second electrical contact (7). 
the respective electrical contacts (6,7) being located spaced-apart from each other 

5 on the semi-conductor medium (2) and in electrical contact with the semi-conductor 
medium (2) for pumping current through the junction (5) for forming an active region 
(10) in the junction (5). characterised in that at least one (6) of the first and second 
electrical contacts (6,7) defines an outline area (12) on the semi-conductor medium 
(2) for determining tne shape and area of the active region (10), and the at least one 

lo (6) of the first and second electrical contacts (6,7) forms an actual contact area or 
areas (17) in which that one (6) of the first and second electrical contacts (6,7) is in 
actual electrical contact with the semiconductor medium (2), and defines non- 
contact areas (21) within the outline area (12) in which no electrical contact takes 
place between that one (6) of the first and second contacts (6,7) and the semi- 

15 conductor medium (2), and the ratio of the actual contact area (17) to the non- 
contact area (21) varies within the outline area (12) for varying the current density 
spatially in the active region (10). 

2. A semi-conductor device as claimed in Claim 1 characterised in that the ratio 
20 of the actual contact area (17) to the non-contact area (21) of the or each of the first 
and second electrical contacts (6,7) is varied as a function of the desired variation in 
the current density in the active region (10). 

3 A semi-conductor device as claimed in Claim 1 or 2 characterised in that the 
25 ratio of the actual contact area (17) to the non-contact area (21) of the or each of the 

first and second electrical contacts (6,7) is varied in proportion to the desired 
variation in current density in the active region (10). 

4 A semi-conductor device as claimed in any preceding claim characterised in 
that the ratio of the actual contact area (17) to the non-contact area (21 ) of the or 
each of the first and second electrical contacts ;c / » is varied m a direction in wnicn 
the current density is to be varied in the active region (10) 
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5 A semi-conductor device as clatmed in any preceding claim characterised ir 
that the ratio of the actual contact area (17) to the non-contact area (21) of the or 
each of the first and second electrical contacts (6.7) is progressively varied for 
progressively varying the current density in the active region (10). 

s 

6 A semi-conductor device as claimed in any preceding claim characterised ir 
that the ratio of the actual contact area (17) to the non-contact area (21) of the or 
each of the first and second electrical contacts (6.7) is varied in a transverse 
direction across the active region (10) relative to the longitudinal direction (11 ) of the 

]o active region (10) for varying the current density transversely across the active 
region (10). 

7. A semi-conductor device as claimed in Claim 6 characterised in that the ratio 
of the actual contact area (17) to the non-contact area (21) of the or each of the first 
15 and second electrical contacts (6,7) is progressively reduced towards opposite side 
edges (13,14) of the active region (10) which extend in a generally longitudinal 
direction relative to the active region (10) for progressively reducing the current 
density in the active region (10) towards the respective side edges (13,14). 

20 8 A semi-conductor device as claimed in Claim 6 characterised in that the ratio 
of the actual contact area (17) to the non-contact area (21) of the or each of the first 
and second electrical contacts (6,7) is progressively reduced towards opposite side 
edges (13,14) of the active region (10) which diverge away from each other in a 
generally longitudinal direction relative to the active region (10) for progressively 

2^ reducing the current density in the active region (10) towards the respective 
diverging side edges (13.14) 

9. A semi-conductor device as claimed in any preceding claim characterised in 
that the ratio of the actual contact area (17) to the non-contact area (21 ^ of the or 
each of the first and second electrical contacts (6.7) is varied in a direction 

'ongitud '"af'y r eSativc + o t h e brgifudina! direct. cr, > 1 - of the act.ve reg.on < id. 

10 A semi-conductor device as claimed in any preceding claim characterised m 
that the ratio of the actual contact area . 17} of the or eacn of the first ana second 
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electrical contacts (6.7) is varied in directions both transversely and longitudinally 
relative to the active region (10) 

11. A semi-conductor device as claimed in any of Claims 1 to 8 characterised in 
> that the ratio of the actual contact area (17) to the non-contact area (21 ) of the or 
each of the first and second electrical contacts (6 7) is arranged in a direction 
generally transversely of the direction in which the ratio of the actual contact area 
(17) to the non-contact area (21 ) is varying for maintaining the current density in the 
active region (10) substantially constant along lines of constant current density which 
lo extend in a direction generally transversely of the direction in which the ratio of the 
actual contact area (17) to the non-contact area (21 ) is being varied 

12 A semi-conductor device as claimed in any preceding claim characterised in 
that the shape and area of the non-contact areas (21) is such that the current density 

15 in areas of the active region (10) which correspond to the non-contact areas (21) is 
greater than zero. 

13 A semi-conductor as claimed in any preceding claim characterised in that the 
shape and area of the non-contact areas (21) is such as to avoid induced grating 

2u effects in tne profile of the current density in the active region (10) 

14. A semi-conductor device as claimed in any preceding claim characterised in 
that the shape and area of the non-contact areas (21) is such as to avoid induced 
grating effects in the profile of the current density in the active region (10) in the 
25 direction transversely of the direction in which the current density is being varied 

1 5. A semi-conductor device as claimed in any of Claims 1 to 12 characterised in 
that the shape and the area of the non-contact areas (21) is such as to induce 
predetermined grating effects in the active region (10). 

?o 

^6 " senr-ccnductc device as claimed ir. any pieced, ng cairn characterised in 
that the or each of the first and second electrical contacts (6,7) comprises a mam 
electrical contact (15) and a plurality of spaced-apart seconaary electrical contacts 
(16) adapted to be electrically connected to tne mam contact (15) the main electnca 
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contact (15) and the secondary contacts (16) together forming the actual contact 
area (17) and defining the non-contact areas (21) therebetween 

17 A semi-conductor device as claimed in Claim 16 characterised in that the 
5 secondary electrical contacts (16) are electrically connected to the main contact (15). 

18. A semi-conductor device as claimed in Claim 16 or 17 characterised in that 
the secondary contacts (16) are provided by a plurality of elongated spaced-apart 
substantially parallel finger contacts (16) extending from the main contact (15). 

m 

19. A semi-conductor device as claimed in Claim 18 characterised in that the 
finger contacts (16) forming the secondary contacts taper from their respective 
proximal ends (19) to their distal ends (18). 

15 20. A semi-conductor device as claimed in any of Claims 16 to 19 characterised 
in that the main contact (15) extends substantially longitudinally relative to the active 
region (10), and the secondary contacts (16) extend transversely from the main 
contact (15) in a direction generally transversely of the active region (10). 

20 21 . A semi-conductor device as claimed in any of Claims 1 to 15 characterised in 
that the or each of the first and second electrical contacts (6,7) comprises a single 
contact (50) which forms the actual contact area (17), the single contact (50) having 
a plurality of openings (53) therethrough which form the non-contact areas (21). 

25 22 A semi-conductor device as claimed in any preceding claim characterised in 
that the junction (5) defined by the semi-conductor medium is a p-n junction (5). 

23. A semi-conductor device as claimed in any preceding claim characterised in 
that the first and second electrical contacts (6,7) are located on respective opposite 
M) surfaces (8,9) of the semi-conductor device (2) for pumping the current through the 

active regicn {10} cf the junction (5; 

24 A semi-conductor device as claimed in any preceding claim characterised in 
that the semi-conductor device (2) is an optical semi-conductor aevice the 
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longitudinal direction (11) of the active region (10) being defined by the airection of 
tight propagation in the active region (10). 

25 A semi-conductor device as claimed in Claim 24 characterised in that the 
- ratio of tne actual contact area (17) to the non-contact area (21 ) of the or each of the 
first and second electrical contacts (6 7) is varied for inducing a current density 
profile (26) in the active region (10) which substantially coincides with the desired 
light intensity profile (25) in the active region (10). 

id 26 A semi-conductor device as claimed in Claim 24 or 25 characterised in that 
the ratio of the actual contact area (17) to the non-contact area (21 ) of the or each of 
the first and second electrical contacts (6,7) is varied transversely across the 
direction (11) of light propagation in the active region (10) for inducing a current 
density in the active region (10), the transverse profile (26) of which substantially 

1 5 coincides with the desired transverse profile of light intensity (25) at the 
corresponding location of the active region (10). 

27. A semi-conductor device as claim in any preceding claim characterised in 
that the first electrical contact (6) defines the outline area (12). 

20 

28. A semi-conductor device as claimed in any preceding claim characterised in 
that the first electrical contact (6) defines the actual contact area (17) and the non- 
contact areas (21). 

25 29 A semi-conductor device as claimed in any preceding claim characterised in 
that the second electrical contact (7) defines the outline area (12). 

30. A semi-conductor device as claimed in any preceding claim characterised in 
that the second electrical contact (7) defines the actual contact area (17) and the 
non-contact areas (21). 

31 A method for spatially varying the current density in an active region (10) of a 
junction (5) defined by a semi-conductor medium (2) of a semi-conductor device (1 ). 
tne method comprising placing a f : rst electrical contact (6) ana a second electnca 
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contact (7) at spaced apart locations from each otner on the the semi-conductor 
medium (2). and in electrical contact with the semi-conductor medium (2) for 
pumping current through the junction (5) for forming the active region (10), 
characterised in that at least one (6) of the first and second electrical contacts (6,7) 

5 defines an outline area (12) on the semi-conductor medium (2) for determining the 
shape and area of the active region (10), and the at least one (6) of the first and 
second electrical contacts (6,7) forms an actual contact area or areas (17) in which 
that one (6) of the first and second electrical contacts (6,7) is in actual electrical 
contact with the semi-conductor medium (2). and defines non-contact areas (21) 

lo within the outline area (12) in which no electrical contact takes place between that 
one (6) of the first and second contacts (6,7) and the semi-conductor medium (2) 
and the ratio of the actual contact area (17) to the non-contact area (21) vanes within 
the outline area (12) for varying the current density spatially in the active region (1C). 

15 32. A method as claimed in Claim 31 characterised in that the ratio of the actual 
contact area (17) to the non-contact area (21 ) of the or each of the first and second 
electrical contacts (6,7) is varied as a function of the desired variation in the current 
density in the active region (10). 

2o 33. A method as claimed in Claim 31 or 32 characterised in that the ratio of the 
actual contact area (17) to the non-contact area (21) of the or each of the first and 
second electrical contacts (6,7) is varied in proportion to the desired variation in 
current density in the active region (10). 

25 34. A method as claimed in any of Claims 31 to 33 characterised in that the ratio 
of the actual contact area (17) to the non-contact area (21) of the or each of the first 
and second electrical contacts (6,7) is varied in a direction in which the current 
density is to be varied in the active region (10). 

M) 35 A method as claimed in any of Claims 31 to 34 characterised in that the ratio 
the actual contact area (17; to the non-contact area (21/ or tne oreacn of tne first 
and second electrical contacts (6.7) is progressively varied for progressively varying 
the current density in the active reg;on (10) 
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36 A method as claimed in any of Claims 31 to 35 charactensea in that the ratio 
of the actual contact area (17) to the non-contact area (21 ) of the or each of the first 
and second electrical contacts (6.7) is varied in a transverse direction across the 
active region (10) relative to the longitudinal direction (11) of the active region (10) 

*^ for varying the current density transversely across the active region (10). 

37 A method as claimed in Claim 36 characterised in that the ratio of the actual 
contact area (17) to the non-contact area (21) of the or each of the first and second 
electrical contacts (6,7) is progressively reduced towards opposite side edges 

lo (13,14) of the active region (10) which extend in a generally longitudinal direction 
relative to the active region (10) for progressively reducing the current density in the 
active region (10) towards the respective side edges (13,14). 

38 A method as claimed in Claim 36 characterised in that the ratio of the actual 
contact area (17) to the non-contact area (21) of the or each of the first and second 
electrical contacts (6,7) is progressively reduced towards opposite side edges 
(13,14) of the active region (10) which diverge away from each other in a generally 
longitudinal direction relative to the active region (10) for progressively reducing the 
current density in the active region (10) towards the respective diverging side edges 
(13,14). 

39. A method as claimed in any of Claims 31 to 38 characterised in that the ratio 
of the actual contact area (17) to the non-contact area (21) of the or each of the first 
and second electrical contacts (6,7) is varied in a direction longitudinally relative to 
the longitudinal direction (1 1) of the active region (10). 

40 A method as claimed in any of Claims 31 to 39 characterised in that the ratio 
of the actual contact area (17) of the or each of the first and second electrical 
contacts (6,7) is varied in directions both transversely and longitudinally relative tc 
the active region (10). 

41 A method as claimed in any of Claims 31 to 40 characterised in that the ratio 
of the actual contact area ( 1 7) to the non-contact area (21) of the or each of the first 
and second electnca 1 contacts (6 7> is arranged in a direction generally transversely 
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of the direction in which the ratio of the actual contact area (17) to the non-contact 
area (21) is varying for maintaining the current density in the active region (10) 
substantially constant along lines of constant current density which extend in a 
direction generally transversely of the direction in which the ratio of the actual 
? contact area (17) to the non-contact area (21) is being varied 

42. A method as claimed in any of Claims 31 to 41 characterised in that the 
shape and area of the non-contact areas (21) is such that the current density in 
areas of the active region (10) which correspond to the non-contact areas (21) is 

in greater than zero. 

43. A method as claimed in any of Claims 31 to 42 characterised in that the 
shape and area of the non-contact areas (21) is such as to avoid induced grating 
effects in the profile of the current density in the active region (10). 

44. A method as claimed in any of Claims 31 to 43 characterised in that the 
shape and area of the non-contact areas (21) is such as to avoid induced grating 
effects in the profile of the current density in the active region (10) in the direction 
transversely of the direction in which the current density is being varied 

20 

45. A method as claimed in any of Claims 31 to 42 characterised in that the 
shape and the area of the non-contact areas (21) is such as to induce predetermined 
grating effects in the active region (10), 

25 46. A method as claimed in any of Claims 31 to 45 characterised in that the or 
each of the first and second electrical contacts (6,7) comprises a mam electrical 
contact (15) and a plurality of spaced-apart secondary electrical contacts (16) 
adapted to be electrically connected to the main contact (15), the main electrical 
contact (15) and the secondary contacts (16) together forming the actual contact 

™ area (17) and defining the non-contact areas (21) therebetween 

4 7 A method as claimed in Claim 46 characterised in that the secondary 
electrical contacts (16) a^e electrically connected to the mam contact (15) 



WO W6ftbl4 



|>('T. IFW00053 



24 

48 A method as claimed in Claim 46 or 47 characterised in that the secondary 
contacts (16) are provided by a plurality of elongated spaced-apart substantially 
parallel finger contacts (16) extending from the main contact (15). 

5 49 A method as claimed in Claim 48 characterised in that the finger contacts 

(16) forming the secondary contacts taper from their respective proximal ends (19) to 
their distal ends (18). 

50 A method as claimed in any of Claims 46 to 49 characterised in that the main 
lo contact (15) extends substantially longitudinally relative to the active region (10), and 

the secondary contacts (16) extend transversely from the main contact (15) in a 
direction generally transversely of the active region (10). 

51 A method as claimed in any of Claims 31 to 45 characterised in that the or 

1 5 each of the first and second electrical contacts (6,7) comprises a single contact (50) 
which forms the actual contact area (17), the single contact (50) having a plurality of 
openings (53) therethrough which form the non-contact areas (21). 

52. A method as claimed in any of Claims 31 to 51 characterised in that the 
2n junction (5) defined by the semi-conductor medium is a p-n junction (5). 

53. A method as claimed in any of Claims 31 to 52 characterised in that the first 
and second electrical contacts (6,7) are located on respective opposite surfaces 
(8,9) of the semi-conductor device (2) for pumping the current through the active 

25 region (10) of the junction (5). 

54 A method as claimed in any of Claims 31 to 53 characterised in that the semi- 
conductor device (2) is an optical semi-conductor device, the longitudinal direction 

(1 1 ) of the active region (10) being defined by the direction of light propagation in the 
M) active region (10). 

55 A method as claimed in Claim 54 characterised in that the ratio of the actual 
contact area (17) to the non-contact area (21) of the or each of the first and second 
electrical contacts (6,7) is varied for inducing a current density profile (26) in the 
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active region (10) which substantially coincides with the aesirecl light intensity profile 
(25) in the active region (10). 



- actual contact area (17) to the non-contact area (21 ) of the or each of the first and 
second electrical contacts (6,7) is varied transversely across the direction (1 1 ) of 
iight propagation in the active region (10) for inducing a current density in the active 
region (10), the transverse profile (26) of which substantially coincides with the 
desired transverse profile of light intensity (25) at the corresponding location of the 

]u active region (10). 

57 A method as claimed in any of Claims 31 to 56 characterised in that the first 
electrical contact (6) defines the outline area (12) 

15 58. A method as claimed in any of Claims 31 to 57 characterised in that the first 
electrical contact (6) defines the actual contact area (17) and the non-contact areas 
(21) 

59. A method as claimed in any of Claims 31 to 58 characterised in that the 
2o second electrical contact (7) defines the outline area (12). 



56 



A method as claimed in Claim 54 to 55 characterised in that ratio of the 



60. A method as claimed in any of Claims 31 to 59 characterised in that the 
second electrical contact (7) defines the actual contact area (17) and the non-contact 
areas (21). 
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